Relative stability of 5 and related pseudorotamers
Structure 5 as well as all possible related pseudorotamers (depending on the position occupied by every substituent around the pentacoordinated sulfur) were optimized in both gas phase and methanol solution. Interestingly, no energy minima for structures bearing an apical oxo group could be located after several extensive searches. Codes for all optimized pseudorotamers are gathered in Table S1 .
Table S1
Pseudorotamers of 5 Pseudorotamer O= Ph-HO-HOMeO-5 eq eq eq ap ap 5a eq eq ap ap eq 5b eq ap eq eq ap 5c eq ap eq eq ap eq: equatorial; ap: apical Structures of all optimized pseudorotamers and the corresponding relative Gibbs free energies (kJ mol -1 ) in gas phase and solution are shown in Figure S1 . As can be observed, structure 5 (bearing phenyl, oxo, and one hydroxy groups in equatorial positions) is clearly favored over all related pseudorotamers in gas phase and solution (by at least 22.7 kJ mol -1 and 16.4 kJ mol -1 , respectively).
Figure S1
Structure of 5 and related pseudorotamers. Relative Gibbs free energies (kJ mol -1 ) in gas phase (in parenthesis) and methanol solution (in square brakets) are also shown.
Methanol assistance on neutral and acidcatalyzed Ad-E pathways
The participation of one or several water molecules (i. e., water assistance) can lower the free energy barriers for some reactions (such as neutral and acid-promoted hydrolysis of formamide). S1 In order to assess the possible role of methanol assistance on the neutral and acid-catalyzed Ad-E mechanism for the sulfonic acid + alcohol esterification has been studied here through discrete and continuum solvent models. Results on the one methanol molecule-assisted neutral Ad-E path are shown in Figure S2 . One methanol molecule-assisted neutral Ad-E mechanism. Relative Gibbs free energies (kJ mol -1 ) in gas phase (in parenthesis) and methanol solution (in square brakets) of involved structures are shown.
Thus, the methanol (2) attack to benzenesulfonic acid (1) can be assisted by an additional methanol molecule. Interestingly, the pre-reactive hydrogen-bonded benzenesulfonic acid-(methanol) 2 complex (S1) is disfavored in Gibbs free energy terms. The water-assisted methanol addition to benzenesulfonic acid TS (S2) shows a concerted proton transfer from methanol to an oxo group through a further methanol molecule. A very high activation barrier (207.3 kJ mol -1 in gas phase, 211.3 kJ mol -1 in methanol solution) is found for the methanol-assisted pathway, similarly to that found for the non-assisted step (205.8 kJ mol -1 in gas phase, 223.7 kJ mol -1 in solution). The lack of methanol assistance in such a pathway contrasts with the water-assisted S3 acceleration reported for the hydration of metaphosphoric acid. 14
Figure S3
Two water molecules-assisted neutral Ad-E mechanism. Relative Gibbs free energies (kJ mol -1 ) in gas phase (in parenthesis) and solution (in square brakets) of involved structures are shown.
The high activation barrier of the methanol-assisted pathway can be attributed to the unstability of the resulting methanolcoordinated methyl dihydrogen benzeneorthosulfonate (S3), in agreement with the low stability of the pentacoordinate sulfur species. A very low activation barrier is found for the subsequent water elimination step through TS S4 (2.6 kJ mol -1 in gas phase, 3.9 kJ mo l-1 in methanol solution). As a result, a hydrogen-bonded (methanol) 2 -methyl benzenesulfonate complex (S5) is obtained. The final dissociaton of such a hydrogen-bonded complex yields methyl benzenesulfonate and two methanol molecules. The reaction energy for the whole methanol-assisted process is obviously identical to that corresponding to the non-assisted mechanism.
Results on the two methanol molecules-assisted neutral Ad-E path are shown in Figure S3 . The formation of the (methanol) 3 -benzenesulfonic acid hydrogen-bonded complex (S6) is largely disfavored in Gibbs free energy terms. The subsequent two methanol molecules-assisted methanol addition (through TS S7) involves a significant activation barrier (212.6 kJ mol -1 in gas phase, 205.1 kJ mol -1 in solution).
The two methanol molecules-coordinated pentacoordinate sulfur species (S8) is again rather unstable, as previously found for both non-coordinated and one water molecule-coordinated analogs.
A low activation barrier is found for the subsequent water elimination step through TS S9 (31.4 kJ mol -1 in gas phase, 13.5 kJ mol -1 in solution).
As a result, a water-(methanol) 2 -methyl benzenesulfonate hydrogen-bonded complex (S10) is obtained. The final dissociation of that species yields methyl benzenesulfonate (8), methanol (9) and two water molecules (2). Results on the one methanol molecule-assisted acid-catalyzed Ad-E mechanism are shown in Figure S4 . Thus, the formation of a cyclic benzenesulfonic acid-methanol-methyloxonium cation hydrogen-bonded complex (S11) is thermodynamically favored. Instead, a large energy is requiered for the addition step through TS S12 (260.4 kJ mol -1 in gas phase, 247.5 kJ mol -1 in solution). Such an activation enery is similar to that of the nonassisted acid mechanism (256.8 kJ mol -1 in gas phase, 260.1 kJ mol -1 in solution). The lack of a significant role of methanol assistance in the methanol addition to sulfonic acid contrasts with a previous theoretical study on the formamide hydration showing a little effect in the neutral mechanism, but a more important role in the pathway involving the H 3 O + cation. S1 As a result of the addition step, a methanol-coordinated protonated methyl dihydrogen benzenesulfonate cation (S13) is obtained. Such a species is rather unstable (in comparison with the cyclic complex S11) (by 230.1 kJ mol -1 in gas phase, by 228.6 kJ mol -1 in solution). A very low activation barrier is required for the subsequent water elimination through TS S14 (4.8 kJ mol -1 in gas phase, 6.6 kJ mol -1 in solution). As a consequence a stable hydrogen-bonded methyl benzenesulfonate-oxonium cation-water complex (S15) is formed. The final dissociation yields methyl benzenesulfonate (8), methyloxonium cation (16) and water (9) as the reaction products.
As a general conclusion for all considered methanol-assisted mechanisms, very similar activation barriers are found. Thus, 
S4
methanol assistance cannot avoid the unfeasibility of both neutral and acid-catalyzed Ad-E mechanisms.
Figure S4
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